in humans or non-human primates, was discovered in bats and assigned to the new genus 82
Cuevavirus, species Lloviu cuevavirus [1, 2] . 83
While previous studies have suggested that these filoviruses infect several different 84 species of animals, some species of fruit bats are suspected to be natural reservoirs of 85 filoviruses [3] . The EBOV genome was detected in fruit bats (Epomops franqueti, 86
Hypsignathus monstrosus, and Myonycteris torquata) [4] , whereas infectious ebolaviruses 87 have never been isolated from any species of fruit bats. However, some populations of 88
Rousettus aegyptiacus bats (Egyptian fruit bats) have been shown to maintain both MARV and 89 RAVV [5] [6] [7] . It was also reported that some of the bats were seropositive for EBOV [8] . 90
Egyptian fruit bats are widely distributed within Africa, including in non-endemic countries 91 like Zambia. Experimental infection of Egyptian fruit bats with MARV demonstrated viraemia, 92 viral antigens in numerous tissues, seroconversion and horizontal transmission of the virus 93 while they remained clinically healthy [9] [10] [11] [12] [13] . 94
In the present study, we focused on cave-dwelling Egyptian fruit bats, which could 95 potentially be infected with filoviruses, as suggested by previous studies [5] [6] [7] [8] . We detected 96 filovirus-specific immunoglobulin G (IgG) antibodies using viral glycoprotein (GP) antigens6 of all known filovirus species. This paper presents the results of a three-year genetic and 98 serological survey for filoviruses in these bats in Zambia. 99
METHODS 100

Animals and sera 101
Serum and tissue samples were collected from wild healthy cave-dwelling Egyptian 102 fruit bats (119 males and 171 females) caught by harp traps in Lusaka Province in Zambia from 103
December 2014 to December 2017 (Supplementary Table 1 recombinant NP of MARV (Mt. Elgon) was purified by ultracentrifugation through discontinuous CsCl gradient centrifugation using the lysate of 293T cells transfected with pCAGGS expressing NP as described previously [16] . ELISA plates (Nunc, Maxisorp) were coated with purified filovirus antigens (2 µg/ml in phosphate-buffered saline, 50 µl/well) overnight at 4°C, followed by blocking with 3% skim milk, and serum samples (diluted at 1:100) were added. Bound antibodies were visualized with a goat anti-bat IgG heavy and light 122 chain antibody conjugated with horseradish peroxidase (Bethyl Laboratories, Inc.) and 123 3,3',5,5'-tetramethylbenzidine (Sigma). The reaction was stopped by adding 1N phosphoric 124 acid, and the optical density (OD) at 450 nm was measured. To offset the nonspecific antibody 125 reaction, the OD value of the control antigen was subtracted from that of each sample. Assays 126 were conducted in duplicate and averages were used for further data analyses .  127 143   144   145   146 RT-PCR assays were performed as described previously [7, 15, 17, 18] . Briefly, total RNA was extracted from pooled 10% (w/v) spleen and liver homogenates of individual bats using a QIAamp Viral RNA Mini Kit (QIAGEN) according to the manufacturer's instructions.
One-step RT-PCR assays were carried out using a QIAGEN OneStep RT-PCR kit (QIAGEN) according to the manufacturer's instructions. The filovirus-specific universal primers for detection of the NP gene, FiloNP-Fm, FiloNP-Rm, FiloNP-Fe, and FiloNP-Re, were used for the one-step RT-PCR program as described previously [18] . Nested RT-PCR assays for virus protein 35 (VP35) and NP genes of marburgvirus were also performed using primers F1 (forward-outside), F3 (forward-inside), R1 (reverse-outside), and R2 (reverse-inside) for the VP35 gene and MBG704F1 (forward-outside), MBG719F2 (forward-inside), MBG1248R1 (reverse-outside), and MBG1230R2 (reverse-inside) for the NP gene as described previously [7, 17] .
Statistics
For the cutoff value, the Smirnov-Grubbs rejection test, which is widely used to detect significantly higher or lower values (i.e., outliers) that do not belong to the population consisting of all other values in the data set, were employed as described previously [15, 19] .
Briefly, the highest OD value was first selected, and the statistical significance of the T value was calculated based on the critical values given by the Smirnov-Grubbs test. If it was considered to be an outlier, the T-value for the second highest OD value was then similarly 147 tested without the highest one. These steps were repeated until the T value fell to below the 148 level of statistical significance (P < 0.05) and the cutoff OD values were determined. The 149 correlation coefficient was determined by Pearson's method. 150
RESULTS
151
Serological and genetic screening of Egyptian fruit bats for filovirus infection 152
Two hundred ninety Egyptian fruit bat serum samples were screened for IgG antibodies 153 specific to all known species of filoviruses (Supplementary Figure 1) , and the OD values 154 obtained by the GP-based ELISA were analyzed statistically to determine the cutoff OD value 155 as described in Methods. Samples that showed OD values above the cutoff value for at least 156 one filovirus species were regarded as positive. When a sample showed cross-reactivity to GPs 157 of multiple species, the OD values for each GP antigen were compared and the filovirus species 158 159 160 161
162
The specificity of the positive samples to each filovirus species is summarized in Table  163 1. Among the 158 ELISA-positive samples, 127 had the highest reactivity to the MARV GP 164
antigen. The overall seroprevalence of MARV among the tested bat population was 43.8% 165 (127 of 290 individuals). MARV-specific IgG antibodies were constantly detected in Egyptian 166 fruit bats in Zambia during the research period (2014-2017). Serum samples reactive to the 167 other filovirus GPs were also found except for EBOV GP. In total, 3.8% (11 of 290), 2.8% (8 168 of 290), 1.0% (3 of 290), 2.8% (8 of 290), and 0.3% (1 of 290) of the serum samples showed 169 the highest reactivity to SUDV, TAFV, BDBV, RESTV, and LLOV antigens, respectively 170 that gave the highest OD value was selected for each positive sample [15, 19] . We found that 158 of 290 bats tested in this study were positive for anti-filovirus antibodies ( Figure 1 ).
However, viral RNA genomes were not detected in any of the tested samples. (Table 1 and Supplementary Table 2 ). There was no significant female bats for seropositivity (data not shown).
Specificity of serum IgG antibodies detected in fruit bats
based ELISA (Figure 2A, B) and the correlation of the OD values given by GP and NP antigens was analyzed. We found that the OD values obtained in MARV GP and NP ELISA had a positive correlation (correlation coefficient r = 0.48). Since no correlation was observed between the OD values obtained in MARV GP and EBOV NP ELISA (r = 0.09), the positive correlation of the reactivity to MARV GP and NP antigens strongly suggested that these bats were predominantly infected with MARV. It was also found that most of the MARV GPpositive serum samples were less reactive to RAVV GP ( Figure 2C ), suggesting that the Egyptian fruit bat population in this cave might be mostly infected with MARV but not RAVV during the research period. However, due to the nature of this assay (i.e., potential differences in the specificity and sensitivity to each GP) and crossreactivity of anti-GP antibodies, specificity of detected antibodies could not be conclusively determined. The overall seroprevalence of filovirus infection was very high (54.5%) in the bats 208 tested in this study ( Table 1 Though filovirus genomic RNA was not detected, the present study strongly suggests that Zambia is at risk for an outbreak of filovirus infection. This underlines the need for continued surveillance of these bats as well as monitoring of wildlife and domestic animals, and also for careful attention to residents living in close proximity to caves that Egyptian fruit bats inhabit in Zambia. 
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